In this paper, dynamics of long-lived exciton polaritons in model substances, CdS crystals, have been investigated by using time-resolved edge-luminescence excitation spectroscopy. There are basically two series of edge emission bands present in CdS crystals. One is the low-energy series (LES) emission due to the radiative recombination between a hole bound to an ionized acceptor and an electron bound to an ionized donor, which is also referred to as the "bound-to-bound" or "donor-acceptor pair" transition; the other, denoted as the high-energy series (HES) emission, due to the recombination of a free electron in the conduction band and a neutral acceptor, is the "free- 
In this paper, dynamics of long-lived exciton polaritons in model substances, CdS crystals, have been investigated by using time-resolved edge-luminescence excitation spectroscopy. There are basically two series of edge emission bands present in CdS crystals. One is the low-energy series (LES) emission due to the radiative recombination between a hole bound to an ionized acceptor and an electron bound to an ionized donor, which is also referred to as the "bound-to-bound" or "donor-acceptor pair" transition; the other, denoted as the high-energy series (HES) emission, due to the recombination of a free electron in the conduction band and a neutral acceptor, is the "freeto-bound" transition. From edge-luminescence emission-intensity measurements on CdS, it was deduced that the edge emission from the rear surface is generated by polaritons propagating from their front surface origin.
It was also shown by Kuwata et al. that This indicates that the distance traveled by polaritons during the relaxation process is almost negligible compared to the sample thickness. Thus, for our case, a group-velocity distribution cannot be obtained for states populated above the bottleneck region. However, polaritons excited below the bottleneck have a negligible phonon scattering probability, and in addition, phonon absorption is unlikely to occur at low temperatures. Since the group velocity is at its minimum at the bottleneck point, directly excited polaritons below the knee region travel in the sample at larger Vg' s and arrive at the rear surface within shorter time periods. Therefore, the group-velocity distribution below the bottleneck can be obtained. For our case, the combination of using a thick sample and a high spectralresolution laser has many advantages for obtaining accurate group-velocity measurements.
A plot of experimentally observed polariton group velocities versus excitation energies is shown in Fig. 3 , where an enormous variation in group velocity around the 3-exciton resonance is observed. We see that Vg increases by a factor of 5 within 2.5 meV. By using the polariton dispersion equation and appropriate CdS parameters provided in Ref. 9, the velocity distribution was also calculated. We found that the results agree well with our observation in the energy region below the bottleneck.
In addition to the above results, we noticed multiple de- and free-to-bound transitions at the A-exciton resonance, 485.6 nm. Compared to the bottleneck-point propagation time of the 2.6-mm sample shown in Fig. 1 , a reduction in delay times of the second luminescence peaks is observed. The bottleneck propagation time (To) is measured to be 120 ns. From this we obtain a bottleneck group velocity of 6.9 X 10 cm/s, which agrees well within the estimated 10% error, due to the 10-ns temporal resolution, with the results from the 2.6-mm sample, and supports our interpretation that the delayed appearance of these luminescence peaks represents the polariton generated edge luminescence at the rear surface.
In conclusion, our results show that in the highly absorptive photon energy region, an edge-luminescence contribution from the rear surface is generated by polaritons propagating from their front surface origin. Qne of the most important results we have obtained here is that the lifetimes of the "slow" polaritons observed here exceed We attribute this to the fact that in the past, by detecting exciton luminescence directly for above band-gap excitation, emission spectroscopy experiments were performed only on very thin samples (a few microns), and thus the lifetimes were limited by rapid polariton conversion into photons at the surfaces. Therefore, we think that their measured values represented the polariton propagation times in thin crystals rather than the true, bulk polariton lifetimes. Detailed experimental investigations and analyses, including temperature, sample type, and crystal surface treatment effects will be published in a forthcoming paper.
